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ABSTRACT 
 
Association between MSX1 SNPs and 
nonsyndromic cleft lip with or without 
cleft palate in the Korean population 
 
 
Na Young Kim, DDS, MSD 
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Seoul National University 
(Directed by Professor Seung-Hak Baek, DDS, MSD, PhD) 
 
The purpose of this study was to investigate the contribution of MSX1 gene to the risk 
of nonsyndromic cleft lip with or without cleft palate (NS-CL/P) in the Korean population. 
The samples consisted of 142 NS-CL/P families (9 with cleft lip, 26 with cleft lip and 
alveolus, and 107 with cleft lip and palate; 76 trios and 66 dyads). Three single nucleotide 
polymorphisms (SNPs: rs3821949 (G>A), rs12532 (A>G), and rs4464513 (T>G)) were 
tested for association with NS-CL/P case-parent trios using transmission disequilibrium 
test (TDT) and conditional logistic regression models (CLRMs). Minor allele frequency, 
heterozygosity, χ2 test for Hardy-Weinberg equilibrium, and pairwise linkage 
disequilibrium (LD) at each SNP were computed. The family- and haplotype-based 
association test programs were used to perform allelic and genotypic TDTs for individual 
SNPs and to fabricate sliding windows of haplotypes. Genotypic odds ratios (GORs) 
were obtained from CLRMs using R software. Although the family-based TDT indicated 
a meaningful association for rs3821949 (G>A) (P=0.028), the haplotype analysis did not 
reveal any significant association with rs3821949 (G>A), rs12532 (A>G), or rs4464513 
(T>G). The A allele at rs3821949 (G>A) had a significant increased risk of NS-CL/P 
(GOR, 1.64; 95% confidence interval, 1.03-2.63; P=0.0384, additive model). A positive 
association is suggested between MSX1 rs3821949 (G>A) and NS-CL/P in the Korean 
population. The results of this study may increase the genetic understanding of the 
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Nonsyndromic cleft lip and/or palate (NS-CL/P) is a common congenital craniofacial 
deformity in humans and is known to be caused by a combination of genes and 
environmental interactions. The frequency of NS-CL/P is higher in Asian populations 
(1/500 or higher) than in Caucasian (1/1,000) or African populations (1/2,500).1-4 
 
The muscle segment homeobox1 (MSX1) gene at 4p16.1 encodes a DNA-binding 
sequence and is expressed in spatially-restricted regions of the head during early 
development. Mutations in this gene have been known to be associated with NS-CL/P, 
Witkop syndrome, Wolf-Hirschhorn syndrome, and autosomal dominant hypodontia.5-7 In 
animals, homozygous Msx1-deficient transgenic mice exhibit cleft palate, deficiency of 
the alveolar bone in the mandible and maxilla, incisor development failure, and arrest of 
molar development.8,9 Gong10 showed that there was misregulation in the expression of 
the Msx1 gene in embryos of A/WySn mice with cleft palate. 
 
Complete sequencing of MSX1 in humans has revealed several novel mutations, and it 
is estimated that approximately 2% of NS-CL/P patients carry mutations in this gene.6,7,11 
There have been several association and linkage studies between MSX1 gene variants and 
NS-CL/P in humans.12-18 However, in terms of the Korean population, only one article 
has been published for association and linkage study between MSX1 single nucleotide 




Park et al.19 reported significant evidence of linkage in the presence of disequilibrium 
for 1170G/A of exon 2 and the disease risk decreased with the presence of the A allele 
(AA genotype: odds ratio, 0.26; 95% confidence interval [CI], 0.10-0.99). However, their 
study has several limitations as follows: They analyzed only novel SNPs with low 
occurrence frequency. The samples included cleft lip (CL), cleft lip and palate (CLP), and 
cleft palate only (CPO). However, CPO has been regarded as a separated identity 
etiologically and embryologically from clefts involving the lip with or without the 
palate.20 In addition, when trio-case with CPO (n=8) was excluded, the numbers of trio-
case with CL/P was relatively small (n=44; 14 with CL, and 30 with CLP). 
 
Therefore, it is needed to determine the association and linkage relationship about tag 
SNPs in the Korean population and to confine the samples with NS-CL/P in order to get 
results for epidemiologic studies of cleft patients. The purpose of this study was to 
investigate the contribution of the MSX1 gene to the risk of NS-CL/P in the Korean 
population, whose samples are independent form those of Park et al.19 We tested three tag 
single nucleotide polymorphism (SNP) markers in and around the MSX1 gene in Korean 
NS-CL/P case-parent families using the transmission disequilibrium test (TDT) and 




II. REVIEW OF LITERATURE 
 
FUNCTION OF THE MSX1 GENE AND RELATED DISEASES 
The MSX1 gene, a member of homeobox genes, is critical of the limb-pattern formation, 
craniofacial development, and odontogenesis during early development stage. 21-23  
 
Nonsense mutation (Ser104stop) in exon 1 of MSX1 was appeared in a Dutch family 
with hypodontia and oral cleft patients.5 Ser202stop in exon 2 of MSX1 were related with 
Witkop syndrome, also known as “tooth and nail syndrome”.24 
 
In addition, deletion of MSX1 were reported in some patients with Wolf-Hirschhorn 
syndrome, a multi-organ syndrome caused by deletions of the short arm of chromosome 4 
(4p).25 
 
ANIMAL STUDY OF THE Msx1 GENE ABOUT OROFACIAL CLEFT 
Since Msx1 has a critical role in mediating epithelial-mesenchymal interactions during 
craniofacial bone and tooth development,8 Msx1 (-/-) mice exhibited a secondary cleft 
palate, a deficiency of alveolar mandible and maxilla, a failure of tooth development 
during transition from bud to cap stage, and abnormalities of the nasal, frontal, and 
parietal bones, and of the malleus in the middle ear.8   
 
In dHAND-null mice embryos, Thomas et al.9 showed that expression of Msx1 was not 
detectable in the mesenchyme of dHAND (basic helix-loop-helix transcription factor)-
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null branchial arches but unaffected in the limb bud.  
 
Gong et al.10 showed that phenotypic and molecular changes in A/WySn mice produced 
craniofacial defects. They also exhibited that A/WySn mice embryos with cleft had 
misregulation of the expression of the Msx1 gene and a persistence of expression in the 
distal growing tips of the midfacial processes.10  
 
HUMAN STUDY OF THE MSX1 GENE ABOUT OROFACIAL CLEFT 
Direct sequencing 
Jezewski et al.6 performed a sequencing of the MSX1 gene in 917 cases including 
European, Asian, and native South American ancestry. They found missense mutations in 
conserved amino acids and point mutations in conserved regions.6 
 
Suzuki et al.7 identified transmission distortion for alleles of the MSX1 gene in the 
Vietnamese population. In their study, two missense mutations, including one (P147Q), 
were found in approximately 2% of the population.7 
 
Tongkobpetch et al.11 performed mutation analysis for the coding regions of the MSX1 
gene in 100 nonsyndromic CL/P cases of the Thai population. The 799G>T (G267C) and 
832C>T (P278S) variants were predicted to be ‘probably damaging’by PolyPhen 
(http://www.bork.embl-heidelberg.de/PolyPhen/), changed (either created or eliminated) 
themselves as potential ESEs [ESEfinder software (http://www.rulai.cshl.edu/tools/ESE/)] 
for serine-arginine proteins. However, these variants were not present in 162 control 
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individuals of the Thai ethnic background.11 In contrast to previous reports of P147Q 
variant in the Vietnamese7 and in the Filipino populations,26 association between the 
P147Q variant and CL/P in Thai population was not detected.11 Therefore, they concluded 
that it was not pathogenic.11 
 
Association and linkage studies between MSX1 gene variants and NS-CL/Pin 
humans 
Lidral et al.12 performed case-control analysis and nuclear-family based analysis to find 
candidate genes for oral cleft (TGFA, BCL3, DLX2, MSX1, and TGFB3) in a 
predominantly Caucasian population. Since significant LD was found between CL/P and 
both MSX1 and TGFB3 and between CPO and MSX1, these genes were suggested to be 
involved in the pathogenesis of oral cleft.12 
 
In a study to identify both genetic and environmental risk factors in NS-CL, CLP, and 
CPO cases in Maryland (n=171) and unaffected controls (n=182), Beaty et al.13 reported 
that MSX1 showed significant differences in allele frequencies between CPO cases and 
controls and significant evidence of linkage disequilibrium with a susceptibility gene 
controlling risk for CPO.13 
 
Fallin et al.14 reported that the fourth allele of the intronic CA repeat yields the 
strongest magnitude of association with oral clefts in single-marker and haplotype-based 
transmission disequilibrium tests (TDTs) of 206 complete NS-CL, CLP, and CPO trios in 
Maryland and Washington, DC. According to their study, association between the MSX1 
6 
 
gene and oral cleft risk occurs most strongly among CPO families.14 
 
In a population-based study of orofacial clefts in Norway with 262 case-parent trios, 
Jugessur et al.15 showed a weak association of the MSX1-CA variant with CPO. The risk 
was increased as much as 9.7-fold among children homozygous for both the MSX1-CA 
A4 allele and the TGFA A2 allele [95% confidence interval (CI)=2.9-32].15 The effect of 
TGFA genotype was even stronger among children homozygous for the MSX1-CA A4 
allele, increasing the possibility of interaction between TGFA and MSX1 genes.15 
 
To detect transmission distortion of MSX1 and TGFB3 in South American children 
from their respective mothers, Vieira et al.16 performed a transmission disequilibrium test 
(TDT) analysis. They showed significant evidence of association with MSX1 (CL/P, P 
=0.004; CLP + CPO, P=0.037; and all data sets combined, P=0.001).16 In likelihood ratio 
test analysis, they also revealed that "cleft lip only" showed meaningful associations with 
MSX1 (P=0.04) and "cleft palate only" with TGFB3 (P=0.02).16 
 
Moreno et al.17 tried to replicate previously suggestive linkage to 10 loci and evaluated 
additional candidate genes in 49 Colombian and 13 Ohio families. In their study, 
significant association results were obtained in the regions 1p36 (P=0.046), 6p23-25 
(P=0.020), and 12q13 (P=0.046) of the Colombian families. 17 In addition, several 
families yielded LOD scores ranging from 1.09 to 1.73, for loci at 4p16, 6p23-25, 16q22-
24, and 17q13.17 These differences between the two populations suggest that there is 
specific locus heterogeneity in different populations.17 
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Schultz et al.18 performed parametric linkage analysis (LOD score), nonparametric 
linkage analysis (SIMIBD), and transmission disequilibrium test (TDT) analysis in the 36 
Filipino families (1,066 total individuals). As a result, five markers showed possible 
results from the 36 families.18 The parametric LOD scores for the MSX1-CA and 
D4S1629 were more than 1.0, the SIMIBD P values for D6S1029 and RFC1 were 
marginal (P<0.06), while the SIMIBD P value for TGFA was significant (P=0.01).18 
 
In linkage disequilibrium analysis of the Korean populations with 52 CL/P and CPO 
cases and 96 controls, Park et al.19 reported significant evidence of linkage disequilibrium 
for 1170 G/A of exon 2. When the GG genotype was set as a reference group at 1170G/A, 






III. MATERIALS AND METHODS 
 
Subject 
The sample population consisted of 142 Korean NS-CL/P families (90 males and 52 
females; 9 with cleft lip, 26 with cleft lip and alveolus, and 107 with cleft lip and palate; 
76 trios and 66 dyads, Table 1). Five orthodontists performed clinical investigation to 
diagnose NS-CL/P; the individuals with a cleft have no other physical and/or 
developmental anomalies. For mutation analysis and case-control studies, peripheral 
venous blood samples of patients and their parents were collected at either Seoul National 
University Dental Hospital (SNUDH) or Samsung Medical Center (SMC). 
 
Extraction of genomic DNA and genotyping 
Genomic DNA samples were extracted from peripheral venous blood lymphocytes 
using a commercial DNA extraction kit (Quiagen Inc., Valencia, CA, USA) and were 
genotyped using VeraCode Technology® (Illumina Inc., San Diego, CA, USA) at SNP 
Genetics Inc. (Seoul, Korea). 
 
Selection of SNPs 
SNP markers located from 2kb ~ 5′ to 2kb ~ 3′ of the MSX1 gene were obtained from 
literature review and the NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/). 
Among tag-SNPs covering all SNPs in the MSX1 gene, three SNP markers with minor 
allele frequency (MAF) greater than 1% in the Japanese population (rs3821949 (G>A), 
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rs12532 (A>G), and rs4464513 (T>G)) were selected using the web-based program TAG 
SNP selection (TagSNP; http://snpinfo.niehs.nih.gov/guide.htm#snptag) .27 
 
These SNPs achieved high “design scores” (a predictor of usable genotypes provided 
by Illumina Inc., San Diego, CA, USA). Their heterozygosity was greater than 0.1 in the 
Japanese population (www.hapmap.org/index.html.en). The genotype call rate and sample 
call rate were considered acceptable at ≥95%. Primers for each SNP were synthesized 
using Oligator technology (Illumina Inc.). 
 
Statistical analysis 
The MAF, heterozygosity, and χ2 test for the Hardy-Weinberg equilibrium (HWE) at 
each SNP were computed using the genotypes of parents. Pairwise linkage disequilibrium 
(LD) was computed as both D′ and r2 for all SNPs using the Haploview program 
(http://www.broad.mit.edu/mpg/haploview/index.php/).28-30 
 
The family-based association test program was used to perform allelic and genotypic 
transmission disequilibrium tests (TDTs) for individual SNPs and the haplotype-based 
association test program was used to fabricate sliding windows of haplotypes consisting 
of two and three SNPs (http://www.biostat.harvard.edu/fbat/default.html).30,31 The 
permutation option32 was used to obtain empirical P values for observed versus expected 





Genotypic odds ratios (GORs) for heterozygotes and homozygotes under additive, 
dominant, and recessive models were calculated separately for individual SNPs. A 
matched case-control dataset was generated with each NS-CL/P case matched to three 
possible pseudo-control subjects created from the non-transmitted parental allele.30 The 
GORs were obtained from conditional logistic regression models for matched sets using 
publicly available subroutines in the R software (www.r-project.org). 
 
Ethics statement 
The study protocol was reviewed and approved by the institutional review board at 
each institution (SNUDH IRB CRI-G07002 and SMC IRB #2007-08-086, respectively). 






Demographic information for proband gender and cleft type 
One hundred forty-two Korean NS-CL/P families had 76 trios and 66 dyads. The cases 
included 90 males and 52 females; 9 with cleft lip (CL), 26 with cleft lip and alveolus 
(CLA), and 107 with cleft lip and palate (CLP) patients (Table 1). 
 
MAF, heterozygosity, HWE, and LD analyses 
Minor allele frequency (MAF) means the frequency at which the rare allele occurs in a 
given population. The MAF for rs4464513 (T>G) was lowest (0.295), while the MAFs 
for rs12532 (A>G) and rs3821949 (G>A) showed values of 0.359 and 0.484, respectively. 
H (heterozygosity) for rs3821949 (G>A), rs12532 (A>G) and rs4464513 (T>G) took the 
value of 0.499, 0.460 and 0.416. All of three SNPs had the high level of a genetic 
informative power. None of the three SNPs exhibited any evidence of deviation from 
HWE (Table 2). Among three SNPs, the values of Pairwise LD (D′/r2) for pairs of 
rs3821949 (G>A)-rs12532 (A>G), rs12532 (A>G)-rs4464513 (T>G), and rs3821949 
(G>A)-rs4464513 (T>G) were 0.56/0.16, 0.74/0.21, and 0.97/0.71, respectively. DNA 
recombination has occurred in all three SNPs and rs3821949 (G>A)-rs4464513 
(T>G)showed relatively higher LD value than the other two pairs.  
 
TDT analyses for individual markers and haplotypes 
Although the family-based TDT using individual SNPs indicated a significant 
12 
 
association for rs3821949 (G>A) (P=0.028, Table 2), the haplotype analysis did not 
reveal any significant association with rs3821949 (G>A), rs12532 (A>G), or rs4464513 
(T>G) (Table 2). Because three SNPs used in this study are tag SNPs which are 
independent of each other, there was no synergic interaction between these SNPs and 
significance in haplotype analysis could not be exhibited. 
 
Genotypic odds ratios (GOR) 
The A allele at rs3821949 (G>A) had a significant increased risk of NS-CL/P in an 






Single marker analysis and genotypic odds ratio analysis in the present study exhibited 
that rs3821949 (G>A) has a meaningful P value (P=0.028, Table 2) and an increased risk 
of NS-CL/P under an additive model (GOR, 1.64; 95% CI, 1.03-2.63; P=0.0384, Table 3). 
Huang et al.33 also reported similar results for rs3821949 (G>A) in the Han Chinese 
population living in Western China. However, if the number of samples were to be 
increased, there may be a more significant association in rs3821949 (G>A) when 
considering the relatively low frequency (2%) of MSX1 mutations in NS-CL/P patients.6,7 
There is no reported result about association between MSX1 rs3821949 (G>A) and NS-
CL/P in non-Asian population until now. Therefore, it is needed to confirm the ethnic 
differences in other populations. 
 
In this study, the A allele at rs3821949 (G>A) appears to increase the risk of NS-CL/P, 
while the G allele is under-represented (Tables 2 and 3). Huang et al.33 suggested that the 
cleft lip and palate (CLP) patients showed a significant difference in allele frequency of 
rs3821949 (G>A) (GG vs. GA/AA) compared to cleft lip (CL) and cleft palate only (CPO) 
patients. Therefore, further study is needed to investigate whether the association of SNP 
in rs3821949 (G>A) is different according to cleft type with a large number of cases. 
 
Numerous previous studies have investigated the role of the MSX1 gene in the etiology 
of NS-CL/P in different human populations.12,33-36 Among the proposed pathogenic 
mutations, a rare SNP, P147Q, has been a mutation of interest. It has been found in 
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approximately 2% of Vietnamese7 and 1.2% of Han Chinese33. However, Tongkobpetch 
et al.11 reported that the P147Q mutation could not be pathogenic because there was no 
association between the P147Q variant and NS-CL/P in the Thai population. Since this 
study tested only three SNPs whose MAF was greater than 1.0% in the Japanese 
population (rs3821949 (G>A), rs12532 (A>G), and rs4464513 (T>G)),27 the P147Q 
variant was not included as a SNP in the MSX1 gene in this study. Therefore, further 
study of the association of the P147Q variant with NS-CL/P in the Korean population 
might be needed. 
 
The cause and time of formation of clefts vary; cleft lip and alveolus (CLA) results 
from fusion failure between the medial nasal process and maxillary process in the primary 
palate (lip and premaxilla), which takes place during the fourth to the seventh week of 
gestation; cleft palate (CP) results from fusion failure between the palatal processes in the 
secondary palate, which develops during the seventh to the twelfth week.20,30 Therefore, 
the developmental classification between CLA and CLP is needed for epidemiologic 
studies of cleft patients.30 However, considering the number of samples in the present 
study (cleft in the primary palate [n=35; 9 with cleft lip and 26 with cleft lip and alveolus] 
and cleft in the primary and secondary palate [n=107 with cleft lip and palate], Table 1), it 
is needed to increase the number of the cleft patients with lip and/or alveolus (CL and 
CLA) for investigating the possibility of difference in association and linkage between 





In conclusion, the results from this study suggest a positive association between MSX1 
rs3821949 (G>A) and NS-CL/P in the Korean population. It may provide a better 
understanding of the etiological role of the MSX1 gene in NS-CL/P and potential options 
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Table 1. Demographic information of gender and cleft type 
Type of malformation 
Trios Dyad 
Male Female Male Female 
CL 
unilateral 2 1 2 3 
bilateral 1 0 0 0 
CLA 
unilateral 9 2 7 3 
bilateral 2 1 1 1 
CLP 
unilateral 17 16 19 12 
bilateral 17 8 13 15 
Sum 
48 28 42 34 
76 66 
 
CL, cleft lip only; CLA, cleft lip and alveolus; CLP, cleft lip and palate. 
Each numerical number in Table 1 is the number of actual patient with CL, CLA, and 
CLP. 
This table was reorganized from the Data of previous study which was performed by Lee 
et al. (2009)30  
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Table 2. Marker information and transmission disequilibrium test (TDT) results for three 
single nucleotide polymorphisms (SNPs) in the MSX1 gene in cleft lip with or without 
cleft palate (CL/P) in 142 CL/P families 





G/A 0.484 0.961 46:28 0.028§ 0.0867 0.1947 
rs12532 
(A>G) 




G/T 0.295 0.568 34:24 0.152 
  
* Over-transmitted alleles are in bold type. 
†Transmission/non-transmission counts from heterozygous parents. 
‡Significant P values for individual SNP and global P values for sliding windows of 
haplotypes of two and three SNPs from TDT analyses. 
MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium; TDT, transmission 




Table 3. Genotypic odds ratios (GORs) for heterozygotes and homozygotes for individual SNPs in 76 NS-CL/P trios 
SNP Genotype N* 
Additive model Dominant model Recessive model 









LD represents linkage disequilibrium; CI, confidence interval. 
*‘N’ and ‘n’ refer to the number of subjects carrying the genotype and the number of case/pseudo-control sets generated, respectively. 




국  초  
 
한국인에  MSX1 자   
단일염 다 과 구순구개열  연  
 
 나  
울 학  학원 과학과 과 학 공 
(지도 수:  승 학) 
 
 
본 연구  목  한국인 증후군  구순구개열 (non-syndromic 
cleft lip with or without palate; NS-CL/P) 자  생 험에 한 
muscle segment homeobox1 (MSX1) 자  여도를 연구하  
함이다.  
 
자군  142 명  한국인 증후군  구순구개열 자  그 부모 
(구순열 9 명, 구순 조열 26 명, 구순구개열 107 명; 76 trios, 66 dyads) 
 구 었다.  가지 단일염  다  (SNPs: rs3821949 (G>A), 
rs12532 (A>G), and rs4464513 (T>G)) 에 해 transmission 
disequilibrium test (TDT)  conditional logistic regression model 
(CLRM)  이용하여 NS-CL/P 자  부모 trio  연  
분 하 다. 각 SNP 에 해 Minor allele frequency, heterozygosity, 
χ2 test for Hardy-Weinberg equilibrium 과 pairwise linkage 
disequilibrium (LD)  계산하 다. Family-based association test  
haplotype-based association test 프 그램  각 SNP 에 한 allelic 
TDT  genotypic TDT 를 계산하 고, haplotype  sliding windows 를 
 
구 하 다. Genotypic odd ratios (GORs)는 R software 를 이용하여 
additive, dominant, recessive  가지  모델  가  하에 CLRM  
이용하여 계산하 다.  
이 부  다 과 같  결과를 얻었다. 
1. Family-based TDT 에 는 rs3821949 (G>A)가 미 있는 
상 계를 보 나 (P=0.028), haplotype-based TDT 에 는 
rs3821949 (G>A), rs12532 (A>G), rs4464513 (T>G) 모 에  
 있는 결과가 나타나지 않았다.  
2. GOR 분 에 는 additive model 하에  rs3821949 (G>A)  A allele 
 NS-CL/P 자  생 험   있게 증가시켰다 (GOR, 1.64; 
95% confidence interval, 1.03-2.63; P=0.0384). 
본 연구  결과 MSX1 자  SNP (rs3821949 (G>A))  한국인에  
NS-CL/P  생 험  증가시킬 수 있다는  이해에 도움   수 












주요어: MSX1 단일염 다 ; 증후군  구순구개열; 한국인; 연  분  
학 번: 2007-30587 
 
